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connectivity,	 seasonal	 patterns	 in	 particular,	 should	 be	 carefully	 considered	when	
selecting	conservation	areas	to	promote	marine	stewardship.
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1  | INTRODUC TION
Measuring	 the	movements	of	animals	at	scale	 is	crucial	 for	under-
standing	linkages	between	organisms	and	their	environments	(Treml	








Papastamatiou,	 Caselle,	 Bradley,	 &	 Jacoby,	 2018).	Movement	 pat-
terns	can	be	species,	individual,	or	life‐stage	specific	with	some	spe-
cies	showing	very	clear	ontogenetic	shifts	between	habitats,	 from	
localized	 movements	 to	 region‐wide	 migrations	 (Andrews	 et	 al.,	
2009;	Pittman	et	al.,	2014).






forming	 vegetation	 such	 as	 seagrass	 and	macroalgal	 beds.	 Such	
structurally	 complex	 habitats	 can	 offer	many	 benefits	 to	 organ-






The	 Atlantic	 cod	 (Gadus morhua)	 is	 an	 important	 predator	 in	
North	Atlantic	food	webs,	but	also	economically	important	as	a	food	




et	 al.,	 2013).	 In	 the	Gullmar	Fjord	 in	western	Sweden,	deemed	an	
important	 area	 for	 marine	 biodiversity	 (also	 a	 Natura	 2000	 pro-
tected	area	through	the	Habitats	Directive),	Atlantic	cod	has	been	
















Environmental	 processes	 can	 play	 an	 important	 role	 in	 deter-
mining	 the	 spatiotemporal	 locations	 of	 organisms	 and	 individu-
als	 (Howey,	 Wetherbee,	 Tolentino,	 &	 Shivji,	 2017;	 Linderholm	 et	
al.,	 2014;	Nilsson,	Ogonowski,	 &	 Staveley,	 2016).	 Particularly,	 this	
concerns	 those	 species	 whose	 reproductive	 strategies,	 develop-
ment,	 and	 movement	 are	 directly	 linked	 to	 environmental	 condi-
tions	(Brander,	1995;	Freitas,	Olsen,	Knutsen,	Albretsen,	&	Moland,	
2016;	Geffen,	Fox,	&	Nash,	2006;	Lédée,	Heupel,	Tobin,	Mapleston,	
&	 Simpfendorfer,	 2016).	 Atlantic	 cod,	 like	 many	 cold‐water	 fish,	
are	 physiologically	 adapted	 to	 tolerate	 a	 high	 thermal	 variation	






habitat	 and	 how	 this	 process	 is	 influenced	 by	 environmental	 fac-
tors	has	received	much	less	attention	(although	see	Freitas,	Olsen,	
Moland,	Ciannelli,	&	Knutsen,	2015,	Freitas	et	al.,	2016).
Network	analysis	 is	 currently	a	 frequently	used	 tool	 for	quan-
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environment	 is	 characterized	 by	 predominately	 rocky	 shores	with	
























Forty‐eight	 cod	 were	 caught,	 tagged,	 and	 released	 back	 into	
the	same	sites	where	they	had	been	captured.	The	tracking	period	
was	from	August	2015	to	January	2016.	Prior	to	tagging,	fish	were	




(~1	 cm)	was	made	 off	 center	 to	 the	mid‐ventral	 line	 between	 the	
F I G U R E  1  Location	of	study	sites	I	and	II,	placement	of	acoustic	receivers	(name	indicated	by	letters),	receiver	detection	range,	and	
seagrass	habitat	distribution	(right	panel)	in	the	Gullmar	Fjord,	Sweden.	Coastline:	©Lantmäteriet












sent	 between	 seasons,	 data	 were	 split	 into	 three	 periods	 (i.e.,	
TA B L E  1  Summary	of	the	39	fish	whose	movement	patterns	were	analyzed	throughout	sites	I	and	II
Transmitter ID Released site Weight (g) TL (cm) Release date Days detected Days monitored RI MI
1001 II 356 36 15/08/2015 8 156 0.05 0.25
1002 II 185 26 15/08/2015 71 156 0.46 0.04
1003 II 361 34 15/08/2015 133 156 0.85 0.14
1004 II 225 30 15/08/2015 85 156 0.54 0.14
1006 II 210 28 15/08/2015 27 156 0.17 3.44
1007 II 240 31 15/08/2015 45 156 0.29 0.04
1010 II 209 29 15/08/2015 23 156 0.15 6.39
1011 II 400 37 15/08/2015 94 156 0.60 0.02
1012 II 381 35 16/08/2015 3 155 0.02 16.67
1013 II 264 33 15/08/2015 142 156 0.91 0.06
1014 II 120 25 16/08/2015 143 155 0.92 0.13
1015 II 232 30 16/08/2015 24 155 0.15 0.04
1016 II 422 47 16/08/2015 2 155 0.01 0.50
1017 II 241 30 16/08/2015 88 155 0.57 0.50
1019 II 330 33 16/08/2015 94 155 0.61 0.36
1020 I 136 26 24/08/2015 59 147 0.40 0.03
1021 II 35 16 16/08/2015 5 155 0.03 0.40
1022 II 156 28 16/08/2015 4 155 0.03 8.75
1023 II 150 26 16/08/2015 146 155 0.94 0.56
1024 II 116 25 16/08/2015 61 155 0.39 0.02
1025 I 172 28 24/08/2015 40 147 0.27 0.73
1026 I 228 30 24/08/2015 20 147 0.14 0.20
1027 I 117 25 24/08/2015 128 147 0.87 0.03
1028 I 135 25 22/08/2015 148 149 0.99 0.01
1029 I 194 28 22/08/2015 21 149 0.14 0.38
1030 I 438 37 22/08/2015 99 149 0.66 0.06
1031 I 162 26 22/08/2015 29 149 0.19 0.14
1033 I 249 30 22/08/2015 7 149 0.05 0.86
1034 I 197 29 21/08/2015 109 150 0.73 0.06
1035 I 231 28 21/08/2015 2 150 0.01 0.50
1036 I 569 39 21/08/2015 34 150 0.23 0.88
1038 I 173 27 21/08/2015 149 150 0.99 0.33
1040 I 127 26 16/08/2015 36 155 0.23 2.50
1041 I 205 30 16/08/2015 10 155 0.06 0.40
1042 I 413 36 16/08/2015 12 155 0.08 0.33
1043 I 155 27 16/08/2015 6 155 0.04 0.50
1044 I 266 32 16/08/2015 153 155 0.99 0.05
1045 I 131 25 16/08/2015 20 155 0.13 1.00
1046 I 186 28 16/08/2015 12 155 0.08 0.17
Abbreviations:	Days	monitored,	days	from	release	to	end	of	study;	MI,	movement	index;	RI,	residency	index;	TL,	total	length.
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In	 order	 to	 assess	 patterns	 of	 cod	 movement	 in	 both	 space	 and	
time,	 network	 analysis	 methods	 were	 applied	 to	 the	 telemetry	
data	 (Jacoby,	Brooks,	Croft,	&	Sims,	 2012).	Receiver	 nodes	within	
the	network	were	connected	by	 fish	movements	 (edges)	 indicated	
by	a	detection	on	one	receiver	followed	by	the	subsequent	detec-
tion	on	another	 receiver.	To	avoid	spatial	bias	 in	 the	network,	 fish	
movements	that	were	<4	min	between	two	different	receivers	were	




Directed,	weighted	 networks	were	 constructed	 to	 assess	 sea-
sonal	differences	of	movements	within	and	between	the	sites.	Firstly,	
seasonal	differences	in	the	relative	number	of	movements	(i.e.,	total	







used	 to	quantify	shifts	 in	connectivity	 through	 time.	Motif	counts	




























































Connective	 redundancy	 within	 the	 movement	 network	 was	
high	when	considered	at	the	global	scale	with	several	of	the	higher	
order,	more	complex	motifs	nonexistent	within	any	individual	move-
ment	 network.	 The	 null	 triadic	 motif	 (i.e.,	 motif	 1,	 no	movement)	
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tive	site,	 I	or	 II	 (e.g.,	Fish	1038;	Figure	3	and	Table	1).	 In	contrast,	
three	fish	specimens	(i.e.,	No.'s	1022,	1041	and	1042)	showed	move-
ment	patterns	connecting	the	two	sites	(Figure	3).	However,	these	
fish	were	only	 detected	 for	 a	 short	 time,	 hence	 showing	 a	 low	RI	
(Table	1),	indicating	that	they	were	in	transit	before	moving	to	other	
areas	outside	the	receiver	array.
The	 relative	 number	 of	 movements	 differed	 significantly	 be-
tween	 seasons	 (F	 =	 13.36,	 p	 <	 .001).	 A	 Games–Howell	 post	 hoc	
test	 comparison	 revealed	 that	 the	 number	 of	movements	 in	 sum-
mer	 was	 significantly	 higher	 than	 in	 autumn	 (p	 =	 .01)	 and	 winter	
(p	<	.01)	and	that	movements	in	autumn	were	higher	compared	with	
winter	(p	=	.012)	(Figures	4	and	5).	Movement	patterns	in	the	sum-


















water	 temperature	 decreased.	 This	 was	 due	 to	 many	 individuals	




is	 known	 to	 have	 an	 important	 influence	 on	 organism	 physiology	
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the	 influence	 of	 vertical	 sea	 temperature	 fluctuations	 on	 juvenile	




We	 found	 that	 cod	 was	 present	 in	 the	 study	 sites	 while	 sea	
surface	 temperatures	 were	 at	 the	 extreme	 ends	 of	 their	 thermal	
tolerance,	 resulting	 in	 less	 connectivity	 within	 the	 fjord	 system	
during	 wintertime.	 This	 finding	 is	 supported	 by	 the	 fact	 that	 ju-
veniles	possess	higher	 levels	of	plasma	 than	adults,	which	acts	as	
an	 antifreeze	 in	 subzero	 conditions,	 allowing	 them	 to	 better	 sur-
vive	winter	conditions	 in	 icy	coastal	areas	 (Kao	&	Fletcher,	1988).	
Indeed,	 juvenile	 Atlantic	 cod	 may	 face	 a	 trade‐off	 between	 in-
creased	movement	activity	and	risk	of	predation	or	remain	station-
ary	 and	 endure	 the	 physiological	 stress	 associated	 with	 seasonal	











for	movement	 (i.e.,	 localized	 connectivity)	 throughout	 all	 seasons.	
Differences	in	habitat	availability	(e.g.,	amount	of	seagrass)	between	








In	 the	 Skagerrak	 region,	 other	 tagging	 studies	 (Rogers,	 Olsen,	
Knutsen,	 &	 Stenseth,	 2014)	 have	 shown	 that	 cod	 populations	 are	
relatively	 stationary	 compared	 with	 populations	 elsewhere	 in	 the	
North	Sea.	This	may	be	similar	 in	the	Gullmar	fjord,	as	some	spec-
imens	were	detected	until	the	end	of	the	study.	Perhaps	for	those	





Response Predictor Estimate ± SE z p
Degree SST 0.250	±	0.035 7.107 <.001* 
Wind	direction −0.006	±	0.003 −1.835 .067
Node	strength SST 0.262	±	0.034 7.748 <.001* 
Wind	speed	(log) 1.081	±	0.916 1.180 .238
Wind	direction −0.008	±	0.005 −1.647 .099
Abbreviation:	SST,	sea	surface	temperature.
*Significance	where	p	<	.05.	
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fish	that	were	no	longer	detected	by	the	array,	they	may	have	moved	
to	other	 shallow‐water	 areas	 in	 close	 proximity,	 but	 out	 of	 detec-
tion,	or	 into	deeper	fjord	waters	or	simply	further	offshore	(André	
et	 al.,	 2016;	 Pihl	&	Ulmestrand,	 1993).	 In	Newfoundland,	Canada,	
Cote,	Moulton,	Frampton,	Scruton,	and	McKinley	(2004)	found	that,	
during	winter,	coastal	juvenile	cod	(2–3	years)	showed	signs	of	both	
resident	 and	 migratory	 behavior,	 indicating	 individual	 variation	 in	
movement	strategies,	 regardless	of	being	exposed	 to	 identical	en-
vironmental	 conditions.	 Further	 studies	with	multiyear,	 high‐reso-
lution	tracking	of	juvenile	and	subadult	Atlantic	cod	(<30	cm)	would	
be	beneficial	to	be	able	to	explore	this	variation	further.	These	con-





The	 use	 of	 network	 analysis,	 combined	 with	 passive	 acoustic	 te-
lemetry	 data,	 is	 important	 for	 highlighting	 areas	 of	 particular	 con-
















Field	 assistance	 thanks	 go	 to	 Maria	 Asplund,	 Diana	 Deyanova,	
Pia	 Engström,	 Rushingisha	 George,	 Alan	 Koliji,	 Said	 Mgeleka,	 Lina	
Rasmusson,	 Ursula	 Schwarz,	 and	 Mathew	 Silas.	 Thanks	 go	 to	 the	
fishermen	for	assistance	with	catching	cod	and	Mattias	Sköld	at	SLU	
in	 Lysekil	 for	 loan	 of	 fishing	 equipment.	 Thanks	 also	 for	 assistance	
with	 search	and	 retrieval	of	 some	of	 the	acoustic	 receivers	 through	




















Thomas A. B. Staveley  https://orcid.org/0000‐0002‐8689‐3561 
David M. P. Jacoby  https://orcid.org/0000‐0003‐2729‐3811 
Diana Perry  https://orcid.org/0000‐0002‐4329‐9052 
Felix Meijs  https://orcid.org/0000‐0002‐8294‐2936 
Martin Gullström  https://orcid.org/0000‐0002‐7552‐2431 
R E FE R E N C E S
André,	C.,	Svedäng,	H.,	Knutsen,	H.,	Dahle,	G.,	Jonsson,	P.,	Ring,	A.‐K.,	…	
Jorde,	P.	E.	(2016).	Population	structure	in	Atlantic	cod	in	the	eastern	
North	 Sea‐Skagerrak‐Kattegat:	 Early	 life	 stage	 dispersal	 and	 adult	
migration.	BMC Research Notes.	Biomed	Central,	9(1),	63.	https	://doi.
org/10.1186/s13104‐016‐1878‐9
Andrews,	 K.	 S.,	Williams,	G.	D.,	 Farrer,	D.,	 Tolimieri,	 N.,	Harvey,	 C.	 J.,	
Bargmann,	G.,	&	Levin,	P.	S.	 (2009).	Diel	activity	patterns	of	sixgill	
sharks,	Hexanchus griseus:	The	ups	and	downs	of	an	apex	predator.	
Animal Behaviour,	 78(2),	 525–536.	 https	://doi.org/10.1016/j.anbeh	
av.2009.05.027
Barbier,	 E.	 B.,	 Hacker,	 S.	 D.,	 Kennedy,	 C.,	 Koch,	 E.	W.,	 Stier,	 A.	 C.,	 &	
Silliman,	 B.	 R.	 (2011).	 The	 value	 of	 estuarine	 and	 coastal	 ecosys-
tem	 services.	 Ecological Monographs,	 81(2),	 169–193.	 https	://doi.
org/10.1890/10‐1510.1
Bates,	 D.,	 Maechler,	 M.,	 Bolker,	 B.,	 Walker,	 S.,	 Christensen,	 R.	 H.	 B.,	








perature	 for	 growth	 and	 feed	 conversion	 of	 immature	 cod	 (Gadus 
morhua	L.).	ICES Journal of Marine Science,	58(1),	29–38.	https	://doi.
org/10.1006/jmsc.2000.0986
Bodin,	Ö.,	&	Norberg,	J.	(2007).	A	network	approach	for	analyzing	spa-
tially	 structured	 populations	 in	 fragmented	 landscape.	 Landscape 
Ecology,	22(1),	31–44.	https	://doi.org/10.1007/s10980‐006‐9015‐0
Bradbury,	 I.	 R.,	 Laurel,	 B.	 J.,	 Robichaud,	D.,	 Rose,	G.	A.,	 Snelgrove,	 P.,	
Gregory,	R.	S.,	…	Windle,	M.	 (2008).	Discrete	spatial	dynamics	 in	a	
10  |     STAVELEY ET AL.
marine	 broadcast	 spawner:	 Re‐evaluating	 scales	 of	 connectivity	
and	habitat	associations	in	Atlantic	cod	(Gadus morhua	L.)	in	coastal	
Newfoundland.	 Fisheries Research,	 91(2–3),	 299–309.	 https	://doi.
org/10.1016/j.fishr	es.2007.12.006
Brander,	K.	(1995).	The	effect	of	temperature	on	growth	of	Atlantic	cod	




and	 flexibility	 among	 packages	 for	 zero‐inflated	 generalized	 linear	
mixed	modeling.	R Journal,	9(2),	378–400.	https	://doi.org/10.3929/
ETHZ‐B‐00024	0890
Cardinale,	M.,	Mariani,	 S.,	&	Hjelm,	 J.	 (2019).	Comments	on	 Local	 cod	
(Gadus morhua)	revealed	by	egg	surveys	and	population	genetic	anal-
ysis	 after	 longstanding	 depletion	 on	 the	 Swedish	 Skagerrak	 Coast	




cod	in	a	coastal	area	of	Newfoundland.	Journal of Fish Biology,	64(3),	
665–679.	https	://doi.org/10.1111/j.1095‐8649.2004.00331.x
Cote,	D.,	 Scruton,	D.	 A.,	 Cole,	 L.,	 &	McKinley,	 R.	 S.	 (1999).	 Swimming	
performance	and	growth	rates	of	 juvenile	Atlantic	cod	 intraperito-
neally	implanted	with	dummy	acoustic	transmitters.	North American 









thermal	 ranges	 predict	 changes	 in	 reef	 fish	 community	 structure	
during	 8	 years	 of	 extreme	 temperature	 variation.	 Diversity and 
Distributions,	24(8),	1036–1046.	https	://doi.org/10.1111/ddi.12753	
Espinoza,	M.,	Lédée,	E.	J.,	Simpfendorfer,	C.	A.,	Tobin,	A.	J.,	&	Heupel,	
M.	R.	 (2015).	 Contrasting	movements	 and	 connectivity	 of	 reef‐as-
sociated	 sharks	 using	 acoustic	 telemetry:	 Implications	 for	 man-





ment	 patterns	 of	 the	 blue‐spotted	 flathead	 (Platycephalus caeru‐
leopunctatus).	 Animal Biotelemetry,	 4(15).	 https	://doi.org/10.1186/
s40317‐016‐0107‐6






Temperature‐associated	 habitat	 selection	 in	 a	 cold‐water	 ma-
rine	 fish.	 Journal of Animal Ecology,	 85(3),	 628–637.	 https	://doi.
org/10.1111/1365‐2656.12458	
Freitas,	C.,	Olsen,	E.	M.,	Moland,	E.,	Ciannelli,	L.,	&	Knutsen,	H.	(2015).	
Behavioral	 responses	 of	 Atlantic	 cod	 to	 sea	 temperature	 changes.	
Ecology and Evolution,	 5(10),	 2070–2083.	 https	://doi.org/10.1002/
ece3.1496
Geffen,	A.	J.,	Fox,	C.	J.,	&	Nash,	R.	D.	M.	(2006).	Temperature‐dependent	de-
velopment	rates	of	cod	Gadus morhua	eggs.	Journal of Fish Biology,	69(4),	
1060–1080.	https	://doi.org/10.1111/j.1095‐8649.2006.01181.x
Howey,	L.	A.,	Wetherbee,	B.	M.,	Tolentino,	E.	R.,	&	Shivji,	M.	S.	(2017).	
Biogeophysical	 and	 physiological	 processes	 drive	 movement	
patterns	in	a	marine	predator.	Movement Ecology,	5(1),	1–16.	https	://
doi.org/10.1186/s40462‐017‐0107‐z
Hyndes,	G.	A.,	Nagelkerken,	 I.,	McLeod,	R.	 J.,	Connolly,	R.	M.,	 Lavery,	









marine biology, an annual review	(1st	ed.,	pp.	269–303).	London,	UK:	
Taylor	&	Francis.
Jacoby,	 D.	 M.	 P.,	 Brooks,	 E.	 J.,	 Croft,	 D.	 P.,	 &	 Sims,	 D.	 W.	 (2012).	
Developing	 a	 deeper	 understanding	 of	 animal	 movements	 and	
spatial	 dynamics	 through	 novel	 application	 of	 network	 analy-
ses.	 Methods in Ecology and Evolution,	 3(3),	 574–583.	 https	://doi.
org/10.1111/j.2041‐210X.2012.00187.x
Jacoby,	 D.	 M.	 P.,	 Croft,	 D.	 P.,	 &	 Sims,	 D.	 W.	 (2012).	 Social	 be-
haviour	 in	 sharks	 and	 rays:	 Analysis,	 patterns	 and	 implications	
for	 conservation.	 Fish and Fisheries,	 13(4),	 399–417.	 https	://doi.
org/10.1111/j.1467‐2979.2011.00436.x
Jacoby,	D.	M.	P.,	&	Freeman,	R.	(2016).	Emerging	network‐based	tools	in	
movement	ecology.	Trends in Ecology and Evolution,	31(4),	301–314.	
https	://doi.org/10.1016/j.tree.2016.01.011
Kao,	M.	H.,	&	Fletcher,	G.	L.	(1988).	Juvenile	Atlantic	cod	(Gadus morhua)	
can	be	more	freeze	resistant	than	adults.	Canadian Journal of Fisheries 
and Aquatic Sciences,	45(5),	902–905.
Knickle,	D.	C.,	&	Rose,	G.	A.	(2014).	Microhabitat	use	and	vertical	hab-
itat	partitioning	of	 juvenile	Atlantic	 (Gadus morhua)	 and	Greenland	
(Gadus ogac)	cod	in	Coastal	Newfoundland.	Open Fish Science Journal,	
7,	32–41.
Kristiansen,	 T.,	 &	 Aas,	 E.	 (2015).	 Water	 type	 quantification	 in	 the	
Skagerrak,	the	Kattegat	and	off	the	Jutland	west	coast.	Oceanologia,	
57(2),	177–195.	https	://doi.org/10.1016/j.oceano.2014.11.002
Kurlansky,	M.	(1998).	Cod: A biography of the fish that changed the world. 
London,	UK:	Vintage.




C.	 A.	 (2016).	Movement	 patterns	 of	 two	 carangid	 species	 in	 in-
shore	 habitats	 characterised	 using	 network	 analysis.	 Marine 
Ecology Progress Series,	 553,	 219–232.	 https	://doi.org/10.3354/
meps1	1777
Linderholm,	 H.	 W.,	 Cardinale,	 M.,	 Bartolino,	 V.,	 Chen,	 D.,	 Ou,	 T.,	 &	
Svedäng,	H.	 (2014).	 Influences	 of	 large‐	 and	 regional‐scale	 climate	
on	fish	recruitment	in	the	Skagerrak‐Kattegat	over	the	last	century.	
Journal of Marine Systems,	134,	1–11.	https	://doi.org/10.1016/j.jmars	
ys.2014.02.006











evaluated	 using	 a	 large‐scale	 acoustic	 telemetry	 array.	 Canadian 
Journal of Fisheries and Aquatic Sciences,	75(11),	2038–2052.	https	://
doi.org/10.1139/cjfas‐2017‐0361
     |  11STAVELEY ET AL.
Nilsson,	L.,	Ogonowski,	M.,	&	Staveley,	T.	A.	B.	(2016).	Factors	affecting	








works.	 Ecological Entomology,	 42,	 4–17.	 https	://doi.org/10.1111/
een.12446	
Perry,	D.,	Staveley,	T.	A.	B.,	&	Gullström,	M.	(2018).	Habitat	connectiv-







on	the	Swedish	west	coast.	Netherlands Journal of Sea Research,	15,	
419–432.	https	://doi.org/10.1016/0077‐7579(82)90068‐0
Pihl,	L.,	Baden,	S.,	Kautsky,	N.,	Rönnbäck,	P.,	Söderqvist,	T.,	Troell,	M.,	
&	Wennhage,	H.	 (2006).	 Shift	 in	 fish	 assemblage	 structure	 due	 to	
loss	of	seagrass	Zostera marina	habitats	in	Sweden.	Estuarine, Coastal 
and Shelf Science,	 67(1–2),	 123–132.	 https	://doi.org/10.1016/j.
ecss.2005.10.016
Pihl,	 L.,	 &	 Ulmestrand,	 M.	 (1993).	 Migration	 pattern	 of	 juvenile	 cod	
(Gadus morhua)	 on	 the	 Swedish	west	 coast.	 ICES Journal of Marine 
Science,	50(1),	63–70.	https	://doi.org/10.1006/jmsc.1993.1007





protected	 areas.	PLoS ONE,	9(5),	 e96028.	 https	://doi.org/10.1371/
journ	al.pone.0096028









Gadus morhua:	Limits,	tolerance	and	optima.	Marine Ecology Progress 
Series,	420,	1–13.	https	://doi.org/10.3354/meps0	8889
Rogers,	L.	A.,	Olsen,	E.	M.,	Knutsen,	H.,	&	Stenseth,	N.	C.	(2014).	Habitat	
effects	 on	 population	 connectivity	 in	 a	 coastal	 seascape.	 Marine 







H.	 (2008).	Coastal	habitat	support	 to	 fish	and	fisheries	 in	Sweden:	
Integrating	ecosystem	functions	 into	 fisheries	management.	Ocean 
& Coastal Management,	51(8–9),	594–600.	https	://doi.org/10.1016/j.
oceco	aman.2008.06.006
Stål,	 J.,	 Pihl,	 L.,	 &	 Wennhage,	 H.	 (2007).	 Food	 utilisation	 by	 coastal	
fish	 assemblages	 in	 rocky	 and	 soft	 bottoms	 on	 the	 Swedish	
west	 coast:	 Inference	 for	 identification	 of	 essential	 fish	 habitats.	











Semmens,	 J.	M.	 (2013).	Network	analysis	of	acoustic	 tracking	data	
reveals	the	structure	and	stability	of	fish	aggregations	in	the	ocean.	
Animal Behaviour,	 85(4),	 839–848.	 https	://doi.org/10.1016/j.anbeh	
av.2013.02.003
Svedäng,	H.,	Barth,	J.	M.,	Svenson,	A.,	Jonsson,	P.,	Jentoft,	S.,	Knutsen,	
H.,	 &	André,	 C.	 (2018).	 Local	 cod	 (Gadus morhua)	 revealed	 by	 egg	
surveys	and	population	genetic	analysis	after	longstanding	depletion	
on	the	Swedish	Skagerrak	coast.	 ICES Journal of Marine Science,	76,	
418–429.	https	://doi.org/10.1093/icesj	ms/fsy166
Tittensor,	D.	P.,	Mora,	C.,	Jetz,	W.,	Lotze,	H.	K.,	Ricard,	D.,	Berghe,	E.	V.,	
&	Worm,	 B.	 (2010).	Global	 patterns	 and	 predictors	 of	marine	 bio-
diversity	 across	 taxa.	 Nature,	 466(7310),	 1098–1101.	 https	://doi.
org/10.1038/natur	e09329
Treml,	E.	A.,	Halpin,	P.	N.,	Urban,	D.	L.,	&	Pratson,	L.	F.	(2008).	Modeling	
population	 connectivity	 by	 ocean	 currents,	 a	 graph‐theoretic	 ap-
proach	for	marine	conservation.	Landscape Ecology,	23,	19–36.	https	
://doi.org/10.1007/s10980‐007‐9138‐y
Treml,	E.	A.,	&	Kool,	 J.	 (2018).	Networks	 for	quantifying	and	analysing	







Personalities	 influence	spatial	 responses	 to	environmental	 fluctua-
tions	 in	wild	fish.	Journal of Animal Ecology,	87,	1309–1319.	https	://
doi.org/10.1111/1365‐2656.12872	
Wennhage,	H.,	&	Pihl,	L.	(2002).	Fish	feeding	guilds	in	shallow	rocky	and	




of	 nutrients	 to	 coral	 reefs	 in	 an	 unfished	 atoll.	 Proceedings of the 







Additional	 supporting	 information	 may	 be	 found	 online	 in	 the	
Supporting	Information	section	at	the	end	of	the	article.			
How to cite this article:	Staveley	TAB,	Jacoby	DMP,	Perry	D,	
et	al.	Sea	surface	temperature	dictates	movement	and	
habitat	connectivity	of	Atlantic	cod	in	a	coastal	fjord	system.	
Ecol Evol. 2019;00:1–11. https	://doi.org/10.1002/ece3.5453
